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HIGH CURRENT BUSBAR SYSTEM FOR
LOW-PROFILE POWER SHELVES

A portion of the invention of this patent document con-
tains material that 1s subject to copyright protection. The
copyright owner has no objection to the reproduction of the
patent document or the patent invention, as it appears 1n the
U.S. Patent and Trademark Oflice patent file or records, but
otherwise reserves all copyright rights whatsoever.

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Patent
Application No. 62/101,430, dated Jan. 9, 2015, and which
1s hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

REFERENCE TO SEQUENCE LISTING OR
COMPUTER PROGRAM LISTING APPENDIX

Not Applicable

BACKGROUND OF THE INVENTION

The present mvention relates generally to the field of
power distribution systems. More particularly, the present
invention relates to low-profile power shelves incorporating
one or more switch mode power supplies providing a
relatively low DC output voltage (e.g. 12V) at very high
current (e.g. 1500 A) to power servers, storage or network-
ing equipment.

With ever-increasing power consumption demands in
server equipment, for example, increasing or at least more
reliable airflow rates are needed to effectively cool such high
power distribution systems. The associated electrical com-
ponents are typically cooled by air moving in parallel
airtlow channels, through convection or otherwise forced-air
mechanisms (e.g., fans or blowers).

However, particularly with respect to certain low-profile
configurations (e.g., single “1U” rack units) the airtlow
channels are often restricted in size, thereby stressing the
cooling abilities of the system. This may be even further
exacerbated by the typical presence of electrical compo-
nents, data cables and power cables which are disposed
alongside the necessary bus bars. Still further, conventional
cooling tools such as heat sinks with dedicated forced-air
mechanisms typically require a height profile which 1s
incompatible with for example a 1U power shell.

BRIEF SUMMARY OF THE

INVENTION

Briefly stated, an arrangement of bus bars 1s provided in
a low profile power shelf where the buses are arranged one
behind each other. The electrical connection of the rear bus
bar 1s established by a substantially round pin protruding
from the front bus bar and being 1solated from the front bus
bar. The bus bar arrangement uses less than 50% of the total
shell height.

An exemplary embodiment of a bus bar system 1mnvolves
the usage of two substantially rectangular copper or alumi-
num bus bars of the same size and arranged one behind the
other 1n the shelf. The bus bars occupy only a first portion
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2

of the low profile shelf height (typically 50%), leaving the
rest open so that the remaining shelf height can be used for

other electrical connections and, significantly, allowing
cooling air to pass from or to power supplies disposed within
the power shelf assembly. This air will at the same time also
cool the first and second (i.e., positive and negative connec-
tion) bus bars.

The electrical connection from the bus bars to the power
supplies may be established by substantially round pins,
wherein the single or multiple pin(s) connecting the rear bus
bar to associated power supply outputs are protruding
through corresponding apertures in the front bus bar. The
pins can have an additional i1solating material around them
to avoid electrical short circuits. The front bus bar 1s
connected through similar pins directly to associated power
supply outputs.

This arrangement allows arrangement of the bus bars one
behind the other mstead of having them one on top of the
other.

The proposed arrangement further preferably leaves
enough space 1n the cross section of the shelf for additional
low profile components and for air passing through the shelf
to cool the power supply units and at the same time also the
bus bars.

A power distribution system implementing such an
arrangement may 1include, e.g., six power supplies each
providing 3 kW of power at an output voltage of, e.g., 12V,
This results 1 a total output current of 6x250 A=1300 A.
The overall height of the low profile shelf 1s one rack unit
(1.e., 1U or ~40 mm). A copper bus bar conducting 1500 A
of current without generating excessive losses should not be
loaded with more than ~3 A per mm~ cross section. This
results 1 a required bus bar cross section of at least 500
mm~. With the proposed arrangement, a bus bar of 20x25
mm can be selected, at least theoretically leaving >50% of
the shell cross section for other electrical connections and
the air flow through the shell.

The arrangements of bus bars one behind the other allows
to reduce significantly the height occupied by such bar bars
and allows for increased power outputs 1 low profile 1U
shelves.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1A 1s an exterior perspective view representing an
embodiment of a power shell assembly with an exemplary
bus bar configuration according to aspects of the present
invention.

FIG. 1B 1s a perspective view representing an interior of
the embodiment of the power shelfl assembly of FIG. 1A.

FIG. 2 1s a reverse perspective view of the power shell
assembly 1n FIG. 1B.

FIG. 3 1s a perspective view of an embodiment of the bus
bar configuration from the power shelf assembly 1n FIG. 1B.

FIG. 4 1s an enhanced perspective view of the embodi-
ment of the bus bar configuration 1n FIG. 3.

FIG. 5A 1s an overhead view of the embodiment of the bus
bar configuration in FIG. 3.

FIG. 5B 1s a front view of the embodiment of the bus bar
configuration 1n FIG. 3.

FIG. 5C 1s a cross-sectional overhead view of the embodi-
ment of the bus bar configuration 1n FIG. 3.

FIG. 6 1s a diagram representing an embodiment of a
power shell assembly of the present invention, having an
exemplary bus bar configuration interacting with a power
supply disposed therein.
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FIG. 7 1s a diagram representing an embodiment of a
power shell assembly of the present invention, having an

exemplary bus bar configuration and printed circuit board
interacting with a power supply disposed therein.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Referring generally to FIGS. 1A-7, various exemplary
embodiments of an invention may now be described 1n
detail. Where the various figures may describe embodiments
sharing various common elements and features with other
embodiments, similar elements and features are given the
same reference numerals and redundant description thereof
may be omitted below.

An exemplary embodiment as disclosed herein and fur-
ther with reference generally to FIGS. 1A-7 relates to high
power density power shelves, as used for example 1n server
systems to convert AC power to the required DC power at
low voltage, high current of the servers. To reach high power
densities, low profile 1U (~40 mm) shelves are used 1n
conjunction with high power density switching power sup-
plies. The increased power requirements of server systems
turther require heavy copper bus bars to carry supply
currents 1 the excess of 1500 A from such shelves.

An exemplary bus bar configuration as disclosed herein
allows the output currents from each power supply unit 1n a
low profile shelf assembly to be collected 1 such a way that
mimmal height 1n the shelf 1s used for the overall bus bar
system, leaving enough space for other connections and,
more importantly, leaving enough space for air to cool the
power supply units 1n the shell.

Referring first to FIG. 1A. 1B and 2, an exemplary
embodiment of a power shell assembly 10 includes a
housing defining a low profile interior having a height of,
e.g., 1U (corresponding to the standard height of one shelf
in a power supply rack, about 44.5 mm). The assembly may
turther define one or more channels 16 to receive a like
number of power supply units on a first end of the housing,
and further 1s configured to receive a bus bar arrangement 20
on a second end.

As 1llustrated herein, the housing may be referred to as
having a left side 11, a right side 12, a bottom 13 and a top
defined by a l1id 14, but the associated perspective view 1s for
illustrative purposes only and 1s not intended as limiting an
arrangement or orientation of the assembly 10. While a
power shell assembly 10 1s generally described herein in the
context of having an interior defined by an enclosure on all
but one side, a power shell assembly may within the scope
of the present invention further encompass a power shelf of
a single rack unit among many in, for example, a server rack
having a stacked plurality of rack units, and without specific
reference to a floor, Iid or sides defining or otherwise
requiring an enclosed interior. Indeed, an exemplary power
shelf assembly 10 may within the scope of the present
invention be generally defined with respect to a spatial
configuration and orientation of a bus bar arrangement 20 as
turther disclosed herein, relative to one or more power
supply units which may be received and coupled thereto.
One of skill 1n the art may appreciate that the term “shelf”
as used herein may include any element or combination of
clements supporting required objects or components as
disclosed herein, and may be shaped to be not only rectan-
gular but potentially square, or even having curved contours
at one or more edges.

The housing further may be configured with a number of
external signal connections 18 (FIG. 2) disposed on a rear
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4

side of the assembly, or otherwise opposing the side con-
figured to receive the power supply units.

Referring to FIG. 3, an embodiment of a bus bar arrange-
ment 20 as disclosed herein 1s configured so as to occupy
only a first (e.g., upper) portion of the respective end of the
power shell assembly 10. A first bus bar 22 may extend
substantially across the power shelf assembly and in parallel
with the bottom 13 and top 14 of the assembly 10. A second
bus bar 24 also extends along the same plane and may be
mounted directly behind the first bus bar 22, wherein a
substantially identical height profile of the low profile shelf
assembly 1s occupied by the bus bars.

In an embodiment, the bus bars 22, 24 may be substan-
tially rectangular copper or aluminum bus bars of the same
s1ze, collectively occupying 50% or less of the available
height (1.e., as defined between the bottom and top of the
interior).

A first set of bus bar pins 28 1s coupled to the first bus bar
22 and extends in parallel with the bottom and top planes of
the assembly toward the channels 16 for direct coupling with
any associated power supply units. A second set of bus bar
pins 26 1s coupled to the second bus bar 24 and extends in
parallel with the first set of pins 28, wherein a single row of
pins 26, 28 extends for electrical coupling with the power
supply units.

The first set of pins may collectively differ in length from
the second set of pins, either based on structural require-
ments for the power supply units to be implemented, or to
implement a specific contact sequence when a power supply
1s plugged 1n or out or otherwise simply to facilitate visual
distinction between the respective pins by technicians. In
various embodiments, however, the various pins may have
substantially identical cross-sectional shapes and sizes.

One or more coupling devices may further be provided for
coupling each bus bar 22, 24 to the assembly 10 and/or
external connections thereto, including for example but not
limited to respective brackets, fasteners, hinges, rails and the

like.

Referring now to FIGS. 4, 5A, 5B and 3C, in one
embodiment the second set of pins 26 extends from the
second bus bar 24 through corresponding apertures 30 in the
first bus bar 22 and accordingly protrudes the first bus bar 2
and toward the power supply units. In an embodiment, an
insulating material 32 1s provided about at least the second
set of pins 26 with respect to at least the corresponding
apertures in the first bus bar 22, wherein electrical short
circuits may be avoided.

In a particular example, and by further reference to FIG.
6, the assembly 10 as described may include, e.g., six power
supply units 36 each providing 3 kW of power at an output
voltage of, e.g., 12V. This results 1n a total output current of
6x250 A=1500 A. The overall height of the low profile shelf
10, as previously noted, 1s one rack unit (1.e., 1U or ~40
mm). A copper bus bar 22, 24 conducting 1500 A of current
without generating excessive losses should not be loaded
with more than ~3 A per mm? cross section. This results in
a required bus bar cross section of at least 500 mm~. With
the proposed arrangement, a bus bar of 20x25 mm can be
selected, at least theoretically leaving the aforementioned
>50% of the shelf cross section for air flow 40 through the
shell, as may for example be generated or otherwise facili-
tated by convection cooling or forced-air cooling.

In various embodiments a cooling mechanism may be
provided 1n the form of, for example, cooling fans 38
associated with power supply umts 36 themselves, which
may be oriented to regulate air tlow 1n any of one or more
directions. In other embodiments, cooling may be facilitated
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from outside of the assembly and further via the air channel
proximate the bus bars, as well as air intakes and exhaust
portions associated with the assembly housing and the
power supply unit.

In another example, and by reference to FIG. 7, the space
between the bus bar configuration 20 and the floor 13 of the
assembly 10 may further be implemented for the placement
of additional circuit boards 42 or other electrical compo-
nents. This circuitry 42 may provide, for example, intercon-
nects between external connectors 18 on the shelf 10 and the
various power supply units 36, for electrical signals or even
the AC (or DC) mput power to the power supply units. The
cooling air flow 40 may 1n this example further provide
cooling to electrical intermediary connections or other elec-
trical components as may be desirably provided on the
printed circuit board 42.

Throughout the specification and claims, the following
terms take at least the meanings explicitly associated herein,
unless the context dictates otherwise. The meanings 1denti-
fied below do not necessarily limit the terms, but merely
provide illustrative examples for the terms. The meaning of
“a,” “an,” and “the” may include plural references, and the
meaning of “in” may 1nclude “in™ and “on.” The phrase “in
one embodiment,” as used herein does not necessarily refer
to the same embodiment, although 1t may.

The term “coupled” means at least either a direct electri-
cal connection between the connected 1tems or an indirect
connection through one or more passive or active interme-
diary devices.

Conditional language used herein, such as, among others,
“can,” “might,” “may,” “e.g.,” and the like, unless specifi-
cally stated otherwise, or otherwise understood within the
context as used, 1s generally intended to convey that certain
embodiments 1nclude, while other embodiments do not
include, certain features, elements and/or states.

The previous detailed description has been provided for
the purposes of illustration and description. Thus, although
there have been described particular embodiments of a new
and useful invention, it 1s not intended that such references
be construed as limitations upon the scope of this mnvention
except as set forth in the following claims.

What 1s claimed 1s:

1. A power distribution system comprising:

a power shelf assembly having a first side, an opposing
second side, and a defined interior between the first and
second sides, and wherein a height of the assembly
comprises one rack unit (1U);

a first bus bar extending in parallel with planes corre-
sponding to the first side and the second side of the
assembly;

a second bus bar extending in parallel with the first bar
and disposed between the first bus bar and the first side
of the assembly;

a first set of one or more power supply pins extending
from the first bus bar toward the second side of the
assembly and perpendicular with respect to the first bus
bar; and

a second set of one or more power supply pins extending,
from the second bus bar toward the second side of the
assembly and perpendicular with respect to the second
bus bar, the second set of power supply pins further
protruding through respective apertures in the first bus
bar.

2. The power distribution system of claim 1, wherein the
first set and the second set of power supply pins are arranged
in parallel fashion along a plane extending between the first
side and the second side of the assembly.
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3. The power distribution system of claim 2, wherein the
first bus bar and the second bus bar are of substantially
identical cross-sectional size and are both disposed along a
single row within a first portion of an interior height of the
power shell assembly.

4. The power distribution system of claim 3, wherein the
first set and the second set of power supply pins are
configured for electrical coupling with one or more power
supply units positioned between the first bus bar and the
second side of the assembly.

5. The power distribution system of claim 4, further
comprising an insulating material disposed about an internal
circumierence of the apertures 1n the first bus bar, wherein
the second set of one or more power supply pins 1s electri-
cally insulated from the first bus bar.

6. The power distribution system of claim 4, wherein the
first portion of the height of the assembly comprises 50% or
less of the height of the power shell assembly.

7. The power distribution system of claim 6, wherein a
second portion of the height of the assembly defines an air
channel configured for cooling air passing through the
assembly.

8. The power distribution system of claim 7, further
comprising a printed circuit board mounted within the
second portion of the height of the assembly, wherein a
space between the bus bars and the printed circuit board
defines the air channel.

9. The power distribution system of claim 8, wherein the
printed circuit board comprises one or more electrical com-
munications signal interconnects between the one or more
power supply units and respective connectors disposed
along an exterior of the first side of the assembly.

10. The power distribution system of claim 8, wherein the
printed circuit board comprises one or more mput power
interconnects between the one or more power supply units
and respective connectors disposed along an exterior of the
first side of the assembly.

11. A power distribution system comprising:

a power shell assembly having a first side, an opposing
second side, a defined interior between the first and
second sides, and one or more channels for receiving
power supply units inserted via the second side,
wherein a {first portion of an interior height of the
assembly defines an air channel for cooling air passing
through the assembly;

a {irst bus bar extending across the defined interior and 1n
parallel with a plane corresponding to the first side of
the assembly;

a second bus bar extending across the defined interior and
disposed 1n parallel between the first bus bar and the
first side of the assembly;

a printed circuit board mounted within the first portion of
the height of the assembly, wherein a space between the
bus bars and the printed circuit board defines the air

channel,
wherein the printed circuit board comprises one or more
clectrical communications signal 1nterconnects

between the one or more power supply units and
respective connectors disposed along an exterior of the
first side of the assembly; and

a plurality of power supply pins arranged in a single row
and extending transverse to the plane corresponding to
the first side of the assembly, the pins configured for
clectrical coupling with the one or more inserted power
supply units, and

for each of one or more groups of power supply pins
corresponding to a number of channels 1n the assembly,
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a first set of one or more of the plurality of power
supply pins extending from the first bus bar toward
the second side of the assembly; and

a second set of one or more of the plurality of power
supply pins extending from the second bus bar
toward the second side of the assembly.

12. The power distribution system of claim 11, wherein
the first and second bus bars are disposed within a second
portion comprising 50% or less of the height of the power
shell assembly.

13. The power distribution system of claim 11, wherein
the printed circuit board comprises one or more input power
interconnects between the one or more power supply units
and respective connectors disposed along an exterior of the
first side of the assembly.

14. A power distribution system comprising:

a power shelf assembly of one rack unit (1U) having a first

side, an opposing second side, third and fourth oppos-

10

15

ing sides extending between the first and second sides, 20

and a top and a bottom defining a height;
a first bus bar extending between the third and fourth sides
and in parallel with the bottom of the assembly, and
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residing within a first portion comprising 50% or less of
the height of the assembly;

a second bus bar extending in parallel with the first bar
and disposed within the first portion of the height of the
assembly, and between the first bus bar and the first side
of the assembly;
a plurality of power supply pins arranged in a single row
parallel with the bottom of the assembly, and extending
transverse to a plane corresponding to the first side of
the assembly,
wherein one or more of the plurality of power supply
pins extends from the first bus bar toward the second
side of the assembly, and

wherein each of a remaining one or more of the
plurality of power supply pins extends from the
second bus bar toward the second side of the assem-
bly.

15. The power distribution system of claim 14, further
comprising a printed circuit board mounted within a second
portion of the height of the assembly, wherein a space
between the bus bars and the printed circuit board defines an
air channel for cooling air passing through the assembly.
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